(Stenella coeruleoalba) dying along the coasts of Italy and Greece in 1991. They were antigenically identical to the morbilliviruses isolated from striped dolphins in Spain in 1990.
phocoena) stranded on the and Dutch coasts [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . In the summer of 1990, a morbillivirus associated die-off occurred among the striped dolphins (Stenelta coeruteoalba) of the western part of the Mediterranean Sea [1, 5, 8, 22] . From June to August 1991, a high mortality was observed among striped dolphins along the southern coast of Italy [6] . From September 1991 to January 1992, a similar die-off was noticed among striped dolphins in the Greek waters. On the basis of epizootiological data, the mortality was suspected to be the result of an extension of the morbillivirus-associated disease outbreak which previously occurred in the western part of the Mediterranean Sea.
We now document the presence of morbillivirus antigen and morbillivirusspecific serum antibodies in samples from several striped dolphins stranded during this recent die-off. We also report the results of the preliminary antigenic characterization of the morbilliviruses isolated from the lungs of three of these animals.
From May to December 1991 organ material was collected from 23 striped dolphins, two common dolphins (Delphinus delphis), one bottlenose dolphin (Tursiops truncatus) and one Cuvier's beaked whale (Ziphius cavirostris)
stranded on the coasts of southern Italy and Greece as indicated in Table 1 . Morbillivirus antigen was detected by a previously described antigen capture ELISA [22] in lung suspensions of four out of the eleven striped dolphins stranded in Italy, of four out of the eight striped dolphins beached in Greece, and not in organ materials of the bottlenose dolphin and the Cuvier's beaked whale. Morbilliviruses were isolated from the lungs of one of the Greek (D 6) and two of the Italian (D 2, D 4) animals positive in the antigen detection assay.
Virus isolation was performed in peripheral blood mononuclear cell (PBMC) cultures of a bottlenose dolphin (TT. PBMC). TT. PBMC were inoculated with 10% suspension prepared from the lungs of four striped dolphins stranded in Italy and two dolphins beached in Greece during the die-off of 1991 (Table 1) . They were co-cultivated with Veto cells after 7 days. TT. PBMC and Vero cell monolayers were checked at regular intervals for the development of cytopathic changes. Syncytia were detected in the TT. PBMC cultures inoculated with the lung suspensions of these dolphins within seven days. In the Veto cells cocultivated with these cultures, a cytopathic effect was subsequently observed within the following ten days. Morbillivirus antigen was detected in cell-free supernatants of all of these cultures, using the antigen capture ELISA. Nucleocapsids typical for the members of the family Paramyxoviridae were observed in infected cetl-lysates by negative contrast electron microscopy (not shown).
In order to assess whether an epizootiological link had existed between the outbreaks in the eastern and western parts of the Mediterranean Sea, the reactivities of CDV and PDV-t-specific MoAbs with the morbillivirus isolates were tested in an indirect ELISA [-16, 17] . For preparation of ELISA antigens the isolates from Italy (DMV/Lucca/0691, DMV/Trapani/0891) and Greece (DMV/ Zakinthos/0991) were passaged at least four times in Veto cell monolayer cul- tures. N o differences w e r e o b s e r v e d b e t w e e n the reactivity p a t t e r n s o f these viruses w i t h the p a n e l o f M o A b s used. T h e reactivity p a t t e r n s o f the Italian a n d G r e e k isolates were also identical to the p r e v i o u s l y d e s c r i b e d p a t t e r n s o f the S p a n i s h isolates D M V -1 6 A a n d D M V -M U C [20] The detection of morbillivirus antigen in the lungs of several affected striped dolphins and the subsequent isolation of a morbillivirus from capture ELISA positive lung suspensions indicated the role of a morbillivirus infection during the die-off of 1991. Although the D M V isolates originated from striped dolphins stranded in different regions, they exhibited the same reaction patterns in the indirect ELISA with a set of MoAbs raised against CDV and PDV-1 (Tables 2  and 3 ). These patterns were also identical to those of the two morbilliviruses isolated during the outbreak among striped dolphins in the western part of the Mediterranean Sea [20] . This indicates the existence of an epizootiological link between this outbreak and a similar morbillivirus-related die-off which occurred in the same species, in the western part of the Mediterranean Sea in 1990.
N e u t r a l i z a t i o n titers were e x p r e s s e d as the r e c i p r o c a l s o f the d i l u t i o n still giving c o m p l e t e r e d u c t i o n o f c y t o p a t h i c changes. M o r b i l l i v i r u s n e u t r a l i z i n g s e r u m a n t i b o d i e s w e r e d e t e c t e d in t h r e e o u t o f f o u r striped d o l p h i n s w h i c h died in
The detection of morbillivirus-specific antibodies in serum samples from several striped dolphins further confirmed the circulation of a morbillivirus in these populations. The presence of VN serum antibodies in absence of ELISA antibodies in one of the sera, may be explained by the fact that the morbillivirusspecific IgM antibodies produced in the acute stage of the infection, were probably not recognized by protein-A used in the ELISA [14] . Furthermore, The presence of morbillivirus neutralizing and ELISA-reactive antibodies in a common dolphin indicated that this animal had also suffered from a morbillivirus infection. Unfortunately, from this animal no materials were available for antigen detection or virus isolation. The limited number of samples from other cetacean species makes it difficult to conclude whether they are also susceptible to DMV infection. Our success in isolating DMV in lymphocytes from a bottlenose dolphin suggests that other cetacean species could be infected by DMV. However, although the striped dolphin can be seen swimming together with other cetaceans like the common dolphin [9] and the shortfinned pilot whale (Globicephala macrorhynchus) [10] , the die-off was so far only reported to affect the endangered Mediterranean striped dolphin [3] . Besides a possible higher susceptibility to D M V infection and D M V associated disease development, the tendency of the striped dolphin to form groups of dozens of animals [2] may have favoured the spread of the infection in this species. The high mortality rate during the die-off indicates that DMV had entered a non-immune population [4] . Speculations that the recent morbillivirus related mortality in striped dolphins was the result of transmission of PDV-1 from seals to dolphins can now be contradicted on the basis of the antigenic differences between these two viruses. Also the natural tendency of the morbillivirus to be confined to one mammalian order, and the biological differences shown between PDV-1 and DMV [20] indicate that there has been no etiological link between the PDV-1 and D M V related outbreaks.
The identification of at least two new members of the genus Morbillivirus causing devastating outbreaks among aquatic mammals raises questions about the origin of these viruses, the reason for their sudden appearance and their antigenic or genetic relationships with the other members of the genus. These questions are subject of our present investigations in this field.
